Microalbuminuria is an early sign of nephropathy and an independent predictor of end-stage renal disease. The purpose of this study was to assess microalbuminuria prevalence and its contributing factors in Korean hypertensive patients. This cross-sectional study enrolled male and female patients of X35 years old with an essential hypertension diagnosis as made by 841 physicians in primary care clinics and 17 in general hospitals in the Republic of Korea between November 2008 and July 2009. To assess microalbuminuria prevalence, urine albumin/creatinine ratio (UACR) was measured in patients with a positive dipstick test. Of the 40 473 enrolled patients, 5713 (14.1%) had a positive dipstick test. Of 5393 patients with a positive dipstick test and valid UACR values, 2657 (6.6%) had significantly elevated UACR (X30 lg mg À1 ), 2158 (5.4%) had microalbuminuria (30 lg mg À1 pUACR o300 lg mg À1 ) and 499 (1.2%) had macroalbuminuria (UACR X300 lg mg À1 ). Based on multivariate analysis, independent factors associated with elevated UACR included low adherence to antihypertensive medication (23% higher; P ¼ 0.042), poorly controlled blood pressure (BP; 38% higher for systolic BP/diastolic BP X130 mm Hg/X80 mm Hg; Po0.001), obesity (47% higher for body mass index (BMI) X25.0 kg m À2 ; Po0.001), age (17% lower and 58% higher for age categories 35-44 years (P ¼ 0.043) and 475 years (Po0.001), respectively) and a prior history of diabetes (151% higher; Po0.001) and kidney-related disease (71% higher; Po0.001). The prevalences of elevated UACR and microalbuminuria were 6.6% and 5.4%, respectively. Age, increased BMI, presence of comorbidities, poor medication adherence and inadequately controlled BP were independent predictors of elevated UACR after controlling for potential confounders.
INTRODUCTION
The excretion of small, subclinical amounts of albumin in the urine is a condition known as microalbuminuria. 1 Initially, this condition was found to be a predictor of future progression of renal disease in patients with diabetic nephropathy. 2, 3 However, the presence of microalbuminuria has since been associated with higher cardiovascular risk and end-stage renal disease in patients with other conditions (for example, hypertension) [4] [5] [6] as well as in the general population. 7, 8 Microalbuminuria is defined as a urinary albumin/creatinine ratio (UACR) higher than the threshold value obtained from studies assessing the risk for developing nephropathy in diabetes patients (that is, between 20 and 200 mg min À1 or X30 to o300 mg per day). 9, 10 Hypertension is one of the most important risk factors for cardiovascular disease. 11 The association of hypertension with elevated levels of urinary albumin excretion is well established. [12] [13] [14] The incidence of microalbuminuria is more common among hypertensive patients, even in nondiabetic patients. 15 Several epidemiologic studies also have shown that the presence of proteinuria or microalbuminuria is an independent predictor of cardiovascular morbidity and mortality in patients with essential hypertension. [16] [17] [18] [19] [20] Therefore, current guidelines recommend routine screening of microalbuminuria in hypertensive patients to ensure appropriate interventions are initiated early in the disease process before progression to chronic kidney disease and/or renal failure. 10 Screening programs for high-risk patients with diabetes and/or hypertension represent excellent opportunities for prevention and early treatment of albuminuria. Such screening programs are important in Asian countries because of the increasing incidence of diabetes and hypertension seen in this region. 11, 21, 22 Asian patients with diabetes have the highest incidence of albuminuria, accounting for roughly 55% of all cases worldwide. 23 In the Asia Pacific region, microalbuminuria prevalence is estimated to range between 10.0 and 13.7% among hypertensive patients, 7, 8, 24 15 .0 and 20.3% in diabetic patients [25] [26] [27] and 22.2 and 48.5% in diabetic hypertensive patients. 25, [28] [29] [30] [31] [32] [33] [34] [35] Microalbuminuria can be decreased by as much as 44% using hypertension interventions in Asian populations, thus highlighting the need for adequate blood pressure (BP) control in such patients. 27, 36, 37 Large ethnic/racial variations in the prevalence of microalbuminuria among hypertensive patients have been documented. Two recently published large-scale population-based surveys, the NHANES III (US National Health and Nutrition Examination Survey) and the PREVEND (Prevention of Renal and Vascular End-Stage Disease study), reported microalbuminuria prevalences of 16 and 11.5% among people with hypertension in the United States and Europe (that is, the Netherlands). 38, 39 In the I-DEMAND (Italy Developing Education and awareness on Microalbuminuria in patients with hyperteNsive Disease) study, microalbuminuria was observed in 27% of the overall population. 40 An international, observational study, i-SEARCH (Survey for Evaluating Microalbuminuria Routinely by Cardiologists conducted in patients with Hypertension), demonstrated a very high worldwide prevalence (58.4%) of microalbuminuria in high-risk cardiovascular patients with hypertension. 41 More recently, a lower frequency of microalbuminuria (22.7%) was observed in the REDHY (Renal Dysfunction in Hypertension) study conducted in patients with hypertension without cardiovascular complications and known renal disease. 42, 43 Reported differences in prevalence rates among studies may be due to the differences in the number of patients studied, severity of hypertension, average age of the study populations, racial/ethnic differences, coexistence of comorbid diseases in the study populations (for example, diabetes and renal insufficiency) and study methodologies.
Although it is well known that the frequency of microalbuminuria differs widely across ethnic/racial populations, few studies have evaluated the prevalence of microalbuminuria specifically in Korean hypertensive patients. Three prior cross-sectional studies conducted in Koreans reported prevalence rates ranging from 2.8 to 12% in healthy, non-diabetic patients, 7, 44 10 .1% in hypertensive patients without diabetes, 7 16 .1% in patients with type 2 diabetes 7 and 23.1% in patients with hypertension and type 2 diabetes. 45 Reasons for the wide variability in microalbuminuria rates observed in Koreans are unknown but may be due in part to differences in the UACR criteria and methodologies employed to define and identify microalbuminuria, the small number of patients enrolled in these studies (study N's ranged from 497 to 7569) and differences in the patient populations (for example, preferential enrollment of patients from rural areas vs nationwide enrollment). The purpose of this large, cross-sectional study was to provide a more definitive assessment of the prevalence of microalbuminuria among Koreans diagnosed with primary/essential hypertension. This study surveyed people receiving treatment in a primary care setting to allow for a more representative sample of the overall population of hypertensive patients living in the Republic of Korea. Furthermore, the detection of microalbuminuria was based on an antibody-based dipstick screening test with subsequent confirmation via measurement of UACR to definitively identify patients with microalbuminuria. The specific objectives of this study were as follows: (1) determine the prevalence of albuminuria as assessed by a positive dipstick test alone; (2) determine prevalence of microalbuminuria as assessed by a positive dipstick test and a valid UACR value (that is, X30 to o300 mg mg À1 ); (3) evaluate the clinical and demographic characteristics associated with albuminuria and microalbuminuria in Korean hypertensive patients.
MATERIALS AND METHODS

Study population
This cross-sectional study was performed from November 2008 to July 2009 by 858 physicians practicing in general medical clinics (for example, primary care physician, family medicine or outpatient primary care clinic in hospitals) in the Republic of Korea. A total of 777 general medical clinics and 4 general hospitals enrolled 40 604 patients. The study was conducted in accordance with principles of Good Clinical Practice, and the study protocol was reviewed and approved by the appropriate Institutional Review Board (IRB; Cheju Halla General Hospital IRB, Special Self-Governing Province, Korea; Bong Seng Memorial Hospital IRB, Busan, Korea; Daedong Hospital IRB, Busan, Korea; Keimyung University Dongsan Medical Center IRB, Daegu, Korea). Each physician screened an average of 50 patients to determine study eligibility and each enrolled 1-113 patients. All patients provided written informed consent form at the time of enrollment.
The major inclusion criteria were age X35 years, diagnosis of primary/ essential hypertension (that is, defined as BP 4140/90 mm Hg in patients not previously diagnosed with hypertension or in patients with a previous diagnosis of hypertension and reported current use of antihypertensive medications) and ability to understand and complete the patient questionnaire in Korean. Patients were excluded from the study if they had secondary hypertension, were involved in another interventional clinical study or were incapable of completing the questionnaire in Korean. Patients were allowed to take any medication deemed necessary by their prescribing physician throughout the course of this study.
Data collection and evaluation
During each clinic visit, physicians assessed the patients' hypertension status, medication use and BP. The physician also provided information regarding patient comorbidities, laboratory data for assessing coronary heart disease (CHD) risk (for example, lipids and lipoprotein values) and duration of hypertension. In addition, patients were required to fill out a questionnaire for collecting information on demographics, lifestyle, current medical illness (age at hypertension diagnosis, diabetes status, history of stroke, kidney problems, heart attack/myocardial infarction, other heart problems, heart-related surgery), family history of CHD and medication adherence.
At enrollment, all eligible patients had BP measured in duplicate by a standard mercury sphygmomanometer at 2-min intervals using the right arm after the patient had assumed a seated position for at least 5 min. Caffeine was not allowed for at least 1 h and smoking was not allowed for at least 30 min before the BP measurement. Venous blood samples (5 ml) for measurement of plasma lipids were collected after an 8-h fast.
Attainment of the hypertension goal was determined using the cutoff value of o130/80 mm Hg in patients with and without compelling complications such as diabetes, high CHD risk, prior history of a CHD event as assessed from information obtained in the physician and participant questionnaires. 45 
Urinary albumin measurements
At the screening visit, all patients provided spot urine samples for evaluation of albuminuria using an antibody-based dipstick test. The dipstick test was similar to Micral (Roche Diagnostics, Mannheim, Germany), which has been shown to detect urinary albumin concentrations X20 mg l À1 . 46 At the threshold of X20 mg l À1 , this test has been found to be 95% sensitive (confidence interval (CI): 90-99%) and 480% specific (CI: 70-90%). Patients were classified as either negative (that is, normal) or positive (that is, or macroalbuminuria/proteinuria (that is, X300 mg mg À1 ) based on a single UACR value.
Statistical analyses
The overall analysis population (N ¼ 40 153; that is, after excluding 320 patients with invalid UACR values) was prespecified to include patients with negative dipstick (n ¼ 34 760) or positive dipstick tests and valid UACR values (n ¼ 5393). The prevalences of microalbuminuria (UACRX30 to o300 mg mg À1 ) in the overall study population and within subject subgroups were estimated. Patients had to have a positive dipstick test and a valid UACR value to be included in the analysis of albuminuria. Categorical variables were summarized using frequency and percentages. Continuous variables were summarized using mean ± standard deviation (s.d.) unless otherwise indicated. The prevalence of albuminuria was calculated by stratifying patients based on demographic parameters, clinical characteristics, use of antihypertensive medication and comorbidities (Table 1) . Differences in continuous variables were tested using Student's t-test, and differences in categorical variables were tested using w 2 or Fisher's exact test.
Factors associated with the presence of albuminuria
The relationship between albuminuria and various factors (that is, covariates) were assessed using logistic regression analyses. A univariate logistic regression model estimated the crude, unadjusted odds ratios (ORs) and 95% CIs for the presence of albuminuria. A multiple logistic regression model was then used to estimate the OR and 95% CI for the presence of albuminuria after adjusting for confounding factors, including patient demographics, clinical characteristics, use of medication and comorbid conditions. Low-density lipoprotein cholesterol (LDL-C) values and physical activity were not included in this model, because of the large number of missing data for these parameters. The independent variables in logistic regression models were selected using forward stepwise regression with 0.2 of significant value for staying in the model. P-values were two sided, and Po0.050 was considered to indicate statistical significance. All analyses were performed using System Analysis System Software Version 8.2 (SAS Institute, Cary, NC, USA).
RESULTS
A total of 858 physicians agreed to participate in this study, with each physician enrolling approximately 47 patients on average. The UACR = urinary albumin creatinine ratio
Patients screened N=40,604
Patients who did not meet inclusion criteria (N=130) Patients with a normal UACR value (<30 μg/ml) N=2,736
Patients with macroalbuminuria (UACR ≥300 μg/ml) N=499
Patients with microalbuminuria (UACR ≥30 and <300 μg/ml) N=2,158
Patients with a positive dipstick test and an invalid UACR value N=320 Figure 1 Disposition of patients in study.
majority of physicians were from the Seoul region (49.3%) of Korea. The overall disposition of patients in this study is shown in Figure 1 . In total, 40 604 patients were screened for study entry, of which 40 473 (99.7%) were enrolled after applying inclusion and exclusion criteria. The most common reason for lack of entry was failure to meet the age inclusion criteria (n ¼ 127 were current smokers and 59.3% had never smoked. The mean BMI was 24.6 ± 2.9 kg m À2 and the majority of patients were either overweight or obese (that is, X23.0 kg m À2 ; 30.1% and 40.8%, respectively). The proportion of patients with a history of diabetes, stroke/transient ischemic attack, kidney disease, myocardial infarction and heart failure were 17.6%, 5.4%, 3.4%, 2.5 and 3.4%, respectively.
The baseline demographic and clinical characteristics were compared across participant subgroups defined by positive (n ¼ 5393) and negative (n ¼ 34 760) dipstick tests (Table 1) . Patients with a positive dipstick test were slightly older than those with a negative dipstick test (59.4 vs 58.4 years; Po0.001). The average duration of hypertension was longer in patients with a positive dipstick test (6.9 vs 6.0 years; Po0.001). The mean BMI value (25.1 vs 24.5 kg m À2 ; Po0.001) was slightly higher in patients with a positive dipstick test. Other relevant factors included a higher prevalence of obesity (47.5% vs 39.7%; Po0.001) and fewer patients with SBP o130 mm Hg and DBP o80 mm Hg (15.5% vs 16.6%; P ¼ 0.036) among patients with a positive dipstick test. In addition, significantly more patients in the positive dipstick group had a history of diabetes (29.2% vs 15.9%; Po0.001), stroke/transient ischemic attack (6.5% vs 5.2%; Po0.001) and kidney-related disease (5.2% vs 3.1%; Po0.001) than the dipstick-negative group. The majority of study patients were well adherent to medication regimen, with 80.4% of patients having a non-adherence score of zero.
Baseline demographic and clinical characteristics were compared across participant subgroups defined by normoalbuminuria (n ¼ 37 496 (that is, patients with a negative dipstick test or a positive dipstick test and a valid UACR o30 mg mg À1 )), microalbuminuria (n ¼ 2158 (patients with a positive dipstick test and a valid UACR X30 to o300 mg mg À1 )) and macroalbuminuria (n ¼ 499 (patients with a positive dipstick test and a valid UACR X300 mg mg À1 )) in the overall analysis population (N ¼ 40 153; patients with either a negative dipstick test or a positive dipstick test and a valid UACR value; Table 2 ). Compared with normal patients, patients with albuminuria (including both microalbuminuria and macroalbuminuria) were older (60.1 vs 58.4 years), had a longer duration of hypertension (7.6 vs 6.0 years), and a larger proportion were male (51.7% vs 48.8%). Other demographic characteristics with significant differences between normal patients and patients with albuminuria included height (P ¼ 0.001), weight (Po0.001), education (Po0.001), use of traditional herbs to reduce BP (P ¼ 0.003), use of medication to control blood glucose (Po0.001), alcohol consumption frequency (P ¼ 0.021), use of soju alcohol (Po0.001), menopausal status (Po0.001) and level of physical activity (Po0.001) and minutes of physical activity per week (P ¼ 0.006; Table 2 ). Clinical characteristics found to demonstrate significant differences between normal patients and those with albuminuria included mean BMI (Po0.001), having controlled BP (Po0.001), mean SBP (Po0.001), mean DBP (Po0.001), current use of calcium channel blockers (Po0.001), use of antihypertensive medications (P ¼ 0.001), adherence to antihypertensive medication scale (Po0.001), number of patients with diabetes, stroke or transient ischemic attack, or kidneyrelated disease (all Po0.001), number of comorbidities except hypertension (Po0.001), number of medications except those for hypertension (Po0.001), and lipids and lipoprotein levels (that is, total cholesterol, high-density lipoprotein cholesterol, LDL-C and triglycerides (all Po0.001); Table 2 ).
The prevalences of albuminuria, microalbuminuria and macroalbuminuria also were examined within participant subgroups defined by baseline demographics and clinical characteristics ( Table 3 ). The prevalence of albuminuria increased with age such that 10.2% of patients 475 years had albuminuria compared with only 5.2% of patients 35-44 years (Po0.001 for all albuminuria classifications). The prevalences of albuminuria and microalbuminuria were greater in men than women (Pp0.012 for albuminuria and microalbuminuria); however, similar prevalences of macroalbuminuria were seen in both men and women (P ¼ 0.147). A similar finding was observed for the BMI stratifications, such that higher prevalences of albuminuria and microalbuminuria were seen in overweight and obese patients vs underweight patients; however, the prevalence of macroalbuminuria was relatively consistent across these BMI categories (Table 3) . Other factors associated with increased prevalence of albuminuria (including both microalbuminuria and macroalbuminuria) included SBP X130 mm Hg and/or DBP X80 mm Hg, number of antihypertensive medications, poor adherence to antihypertensive medications, prior history of diabetes, stroke/transient ischemic attack or kidney-related disease, and number of comorbidities (Table 3 ). In contrast, smoking status did not appear to influence the prevalence of albuminuria, nor did a family history of myocardial infarction/sudden death (data not shown). Univariate and multivariate logistic regression analyses were performed to determine the influence of various factors on urinary albumin excretion (Table 4) . For the purpose of this analysis, data from the microalbuminuria and macroalbuminuria groups were combined together (n ¼ 2657) and compared with the normoalbuminuria group (n ¼ 34 760 (dipstick negative)). The odds of having an elevated UACR value X30 mg mg À1 were estimated before (univariate model) and after (multivariate model) adjusting for various factors suspected to be associated with increased urinary albumin excretion. Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; CCB, calcium channel blocker; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides. Data are shown as n (%) of patients relative to all patients in the albuminuria category unless otherwise stated. Variables that were not significantly different in the distribution between patients with normal and albuminuria UACR levels (that is, marital status, age at initial diagnosis of hypertension, smoking status, family history of sudden death, use of fixed dose combination medication) are not shown in the table. a P-value represents the differences in distribution of variables/values between patients with normal and albuminuria urine albumin/creatinine ratio levels and is estimated after excluding patients with the missing values. b High medication adherence scores indicate poor adherence to medication based on the range of 0-4 (0 ¼ high, 1-2 ¼ medium, 3-4 ¼ low adherence). c Comorbidities were identified by either physician or patient reports. In the univariate analysis, elevated UACR was associated with age, gender, smoking status, BMI classifications, duration of hypertension, SBP X130 mm Hg and/or DBP X80 mm Hg, baseline LDL-C value classifications, currently prescribed antihypertensive medication, number of antihypertensive medications, adherence to antihypertensive medication scale and comorbidities of diabetes, stroke/ ischemic attack and kidney-related disease, and number of medications excluding antihypertensive medications (Table 4) . After adjusting for the confounding effects of factors associated with elevated UACR in the univariate analysis (Table 4) , the remaining independent determinants of an elevated UACR value in the multivariate analysis were low adherence to antihypertensive medication (OR 1. 
DISCUSSION
This large, cross-sectional study explored the prevalence of albuminuria and identify the independent factors associated with microalbuminuria among Korean patients with essential/primary hypertension receiving treatment in the primary care setting. This study is the largest known epidemiological study (N ¼ 40 473) conducted in hypertensive patients undergoing management by primary care physicians in any one country. Albuminuria was detected through the combined use of urine dipstick tests and UACR laboratory values. At the screening visit, physicians collected clinical and demographic information on adult (that is, X35 years) patients who were diagnosed with primary/essential hypertension or were taking antihypertensive medication to better characterize the following: (1) prevalence of albuminuria in the urine as assessed by a positive dipstick test alone, (2) prevalence of microalbuminuria in the urine as assessed by a positive dipstick test and a valid UACR test X30 to o300 mg mg À1 ; (3) the clinical and demographic characteristics associated with albuminuria and microalbuminuria in Koreans.
Results of this study show that a significant proportion of Korean hypertensive patients have albuminuria. The frequency of albuminuria in the overall study population as determined by a positive dipstick test was 13.4% (5393/40 153), irrespective of UACR testing. Of the study patients with a positive dipstick test, approximately half were subsequently found to have normal urinary albumin excretion levels (UACR o30 mg mg À1 ; 50.7%; 2736/5393) and the other half had albuminuria (UACR X30 mg mg À1 ; 49.3%; 2657/5393) demonstrating the high false positive rate associated with dipstick testing. Hence, the actual prevalence of albuminuria as determined by a positive dipstick test in conjunction with an increased UACR X30 mg mg À1 was substantially lower at 6.6% (2657/40 153). More specifically, the prevalences of microalbuminuria and macroalbuminuria were 5.4% (2185/40 153) and 1.2% (499/40 153), respectively. Of the patients with albuminuria determined by UACR testing, 81.2% (2158/2657) and 18.8% (499/2657) were classified as having microalbuminuria and macroalbuminuria, respectively.
Patients with albuminuria tended to be older, had a longer duration of hypertension and had a higher prevalence of obesity and SBP X130 mm Hg and/or DBP X80 mm Hg compared with patients with normoalbuminuria (that is, having a negative dipstick test or a positive dipstick test and a valid UACR value o30 mg mg À1 (N ¼ 37 496) ). A previous history of stroke/transient ischemic attack, kidney-related disease and especially diabetes were observed more frequently in patients with vs those without albuminuria. Several factors were found to be independently associated with microalbuminuria in the multivariate model, including age, medication adherence, obesity, SBP X130 mm Hg and/or DBP X80 mm Hg, number of antihypertensive medications, and a previous history of diabetes or kidney disease. More specifically, patients o45 years were 17% less likely to have microalbuminuria, whereas patients X75 years were 58% more likely to have microalbuminuria than those 45-54 years of age. Patients with low adherence to their antihypertensive medications were 23% more likely to have elevated UACR value than patients in the high-adherence category. Other factors, such as, BP (38% increased risk), obesity (47% increased risk) and taking two or three, or more antihypertensive medications (13% and 51% increased risk, respectively) also were significantly associated with elevated UACR values. By comparison, the presence of comorbidities, such as kidney-related disease (71% increased risk) and diabetes (151% increased risk) were the overall strongest determinants of elevated UACR values relative to all other factors. It should be noted that the possible role of LDL-C as a determinant of microalbuminuria was difficult to assess in this study because of widespread missing data among the study patients. The univariate analyses did show a possible role of elevated LDL-C levels in decreasing the risk of microalbuminuria; however, this factor did not remain as an independent predictor in the multivariate analyses possibly due to the small numbers of patients with valid LDL-C values. Previous studies in the Asia Pacific region have estimated the prevalence of microalbuminuria to be the range of 10.0-13.7% among hypertensive patients, 7, 8, 24 15 .0-20.3% among diabetic patients 26, 27, 47 and 22.2-48.5% among diabetic hypertensive patients. [28] [29] [30] [31] [32] [33] [34] [35] To date, In that study, an incidence rate of 21.8% was seen specifically in patients with diabetes. In the current study, the prevalences of microalbuminuria were found to be 10.6% in diabetics and 5.4% in the overall hypertensive study population. The reason for the apparently lower prevalence of microalbuminuria seen in this study compared with other Korean-based studies is unknown, but may be due to differences in the techniques used to measure urinary albumin levels, different threshold values used to categorize patients with/without microalbuminuria and different study populations. However, the prevalence rate of microalbuminuria reported herein is likely to be more indicative of the actual rate in Korean hypertensive patients, because this study enrolled a very large number of patients from primary care practices throughout the country. In Korea, most hypertensive patients are diagnosed and treated by primary care physicians rather than specialists. Single dipstick testing for the detection of microalbuminuria is an established screening tool in a population setting. However, several false positives (50.7%) resulted from use of the Micral dipstick test as an initial screening tool in this study. Slightly under half (49.3%) of the patients with a positive dipstick test were subsequently shown to have an elevated UACR value. The urine dipstick test is a low-cost, semiquantitative measurement that tends to overestimate urine albumin measurements with a sensitivity of 95% (CI: 90-99%) and specificity 480% (CI: 70-90%). The false positive rate of the dipstick test used in this study falls within the quoted range for specificity. The false negative rate of the dipstick test (that is, use of UACR values to confirm absence of albuminuria in dipstick negative patients) was not determined; however, there must have been some patients with albuminuria that went undetected by dipstick testing in this study. Overall, the dipstick test did prove useful for screening and identifying a large number of patients with a higher chance of having albuminuria; however, a more quantitative measurement of albuminuria was needed to rule out microalbuminuria in a large proportion of dipstick-positive patients.
Several limitations should be considered when interpreting the results of this study. First, a single-spot urine sample was collected to measure urinary albumin excretion in study patients. By comparison, International guidelines recommend that microalbuminuria be established by three separate tests, of which two measurements should be positive. 48 Prior studies have shown that urinary albumin levels demonstrate considerable intra-individual variability; therefore, multiple measurements are preferred for the diagnosis of microalbuminuria in the clinical practice setting. 49 Nevertheless, studies have shown the measurement of UACR from first-morning voided urine samples correlate well with albumin excretion rate as measured by 24-h urine collection. 50 Furthermore, UACR has been shown to be a good predictor of cardiovascular morbidity and allcause mortality. 48 Second, the traditional UACR cut point of X30 to o300 mg mg À1 was used in this study to identify hypertensive patients with microalbuminuria. This threshold value was initially derived from studies assessing the risk for developing nephropathy in patients with diabetes. 9, 10 Several prospective studies have recently shown that apparently healthy individuals demonstrate an increased risk of cardiovascular disease and death at UACR values below this threshold. 9, [51] [52] [53] [54] As a result, the use of the more stringent UACR cut point to define albuminuria in this study may have excluded some hypertensive patients who remain at an increased risk and thus require more intensive management.
Another limitation is the use of office-obtained BP measurements rather than 24-h ambulatory BP measurements in this study. In general, BP values and albuminuria are more closely associated when BP is recorded through the more precise method of ambulatory monitoring. 55, 56 Because BP varies both diurnally and over longer periods of time, the use of one or two office measurements cannot fully describe the BP pattern for any given patient. Although ambulatory BP is the gold standard for monitoring BP status in the real-world setting, such measurements are not feasible in large epidemiologic studies. There is also the potential for selection bias and confounding as this study population consisted of a self-selected group of patients who agreed to enter the study and undergo study procedures. As a result, the results of this study may not be generalizable to all Korean hypertensive patients, such as those treated by specialists. This was a cross-sectional study; thus causal inferences cannot be established and should be considered hypothesisgenerating only. Lastly, the absence of serum creatinine measurements is considered a limitation of this study. The study was conducted in nationwide survey of primary care clinics in Korea, and measurement of serum creatinine concentration is not routine clinical practice in these clinics.
Despite the aforementioned limitations, the present study is the first large epidemiologic survey designed to determine the prevalence of microalbuminuria among individuals with primary/essential hypertension in Korea. The prevalence of microalbuminuria was 5.4%, demonstrating that hypertensive kidney damage is present in a significant number of Korean hypertensive patients in the clinical practice setting. More routine UACR testing of Korean hypertensive patients may enable clinicians to detect albuminuria before target organ damage occurs. Clinicians should highly suspect the presence of microalbuminuria in Korean hypertensive patients who are older, obese, have SBP X130 mm Hg and/or DBP X80 mm Hg (that is, either through inadequate treatment or poor medication adherence) or difficult to control (that is, taking 43 antihypertensive medications) BP, and particularly in patients with established kidney disease or diabetes. Hypertensive patients should be encouraged to implement healthy lifestyle changes to reduce body weight, control BP and improve blood sugar levels. Where appropriate, clinicians should aggressively manage cardiovascular risk factors (for example, hypertension, diabetes, dyslipidemia and kidney disease) with pharmacologic therapy to slow progression of nephropathy and avoid endstage renal disease in hypertensive patients with albuminuria.
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